ABSTRACT Spathius galinae Belokobylskij and Strazenac (Hymenoptera: Braconidae) is a recently discovered gregarious idiobiont larval ectoparasitoid currently being evaluated for biological control against the invasive emerald ash borer, Agrilus planipennis Fairmaire (Coleoptera: Buprestidae) in the United States. To aid in the development of laboratory rearing protocols, we assessed the inßuence of various emerald ash borer stages on critical Þtness parameters of S. galinae. We exposed gravid S. galinae females to emerald ash borer host larvae of various ages (3.5, 5, 7, and 10 wk post egg oviposition) that were reared naturally in tropical (evergreen) ash (Fraxinus uhdei (Wenzig) Lingelsh) logs, or to Þeld-collected, late-stage emerald ash borers (nonfeeding J-shaped larvae termed "J-larvae," prepupae, and pupae) that were artiÞcially inserted into green ash logs. When exposed to larvae in tropical ash logs, S. galinae attacked 5 and 7 wk hosts more frequently (68 Ð76%) than 3.5 wk (23%) and 10 wk (12%) hosts. Subsample dissections of the these logs revealed that 3.5, 5, 7 and 10 wk host logs contained mostly second, third, fourth, and J-larvae, respectively, that had already bored into the sapwood for diapause. No J-larvae were attacked by S. galinae when naturally reared in tropical ash logs. When parasitized by S. galinae, 7 and 10 wk hosts produced the largest broods (Ϸ6.7 offspring per parasitized host), and the progenies that emerged from these logs had larger anatomical measurements and more female-biased sex ratios. When exposed to emerald ash borer J-larvae, prepupae, or pupae artiÞcially inserted into green ash logs, S. galinae attacked 53% of J-larvae, but did not attack any prepupae or pupae. We conclude that large (fourth instar) emerald ash borer larvae should be used to rear S. galinae.
Many insect parasitoids specialize on a particular developmental stage (egg, larva, or pupa, and rarely adult) of their hostÕs life cycle. Furthermore, there may be an optimal size or age within the host stage for maximizing oviposition outcomes (parasitoid Þtness) such as the number of progeny produced and the sex ratio of eggs laid (Chabora and Pimentel 1966 , Iwasa et al. 1984 , Godfray 1994 . Identifying the optimal host stage, size, or age for maximizing parasitoid Þtness is particularly important when attempting to develop rearing protocols for the purposes of biological control. Indeed, the success of many biological control programs depends largely on minimizing costs associated with rearing the natural enemy (Heinz 1998, Ode and Heinz 2002) . For example, one largely prohibitive cost of rearing hymenopteran parasitoids is the overproduction of males (Heinz 1998) , which can result from poor host quality (e.g., too small of hosts), among other factors. Similarly, providing parasitoids with suboptimal host resources may result in diminished host utilization rates or reduced progeny Þtness, thereby reducing rearing efÞciency and artiÞcially inßating production costs (Cancino and Montoya 2006 , Irvin and Hoddle 2006 , Lopez et al. 2009 ). Identifying the proper host condition for rearing natural enemies is therefore a key element of effective biological control.
The pattern of how host size or stage inßuences the Þtness of parasitoids is well-documented (Waage and Ng 1984, Godfray 1994) . When a female parasitoid attacks a host, it must decide how many eggs to lay as well as the sex of each egg. Many hymenopteran parasitoids have a haplodiploid sex determination system where females develop from fertilized eggs and males from unfertilized eggs. For solitary parasitoids, theory suggests that female eggs should be allocated to large hosts and male eggs to small hosts because of relative gains in Þtness among male and female offspring (Charnov et al. 1981 , Charnov 1982 . For gregarious parasitoids that produce multiple individuals in a brood, the number of eggs laid per host (clutch size), and the corresponding sex ratio, may also vary with host size (King 1987 , Gordh et al. 1999 , Bezemer and Mills 2003 .
Spathius galinae Belokobylskij and Strazenac (Hymenoptera: Braconidae) is a gregarious idiobiont ectoparasitoid of the emerald ash borer, Agrilus planipennis Fairmaire (Coleoptera: Buprestidae). Currently, methods are being developed to rear this parasitoid for classical biological control of the invasive emerald ash borer in the United States (Gould and Duan 2013) . In its native range (Russian Far East), S. galinae attacks primarily third-and fourth (occasionally second)-instar emerald ash borer larvae, with 8 Ð12 (range, 1Ð16) progeny resulting from a single host (Belokobylskij et al. 2012) , and is an important natural enemy of emerald ash borer on the introduced North American green ash, Fraxinus pennsylvanica Marshall, in Russia .
In North America, emerald ash borer is a highly invasive pest. Since its accidental introduction into southeast Michigan in the mid-1990s (Cappaert et al. 2005) , emerald ash borer has rapidly spread to 21 other U.S. states and 2 Canadian provinces (Emerald Ash Borer Info 2014), devastating both forest and urban ash (Fraxinus spp.) tree populations, and causing billions of dollars in economic damage (Kovacs et al. 2010, see review in Herms and McCullough 2014) . Classical biological control for emerald ash borer has centered on the establishment of three hymenopteran parasitoids: the egg parasitoid Oobius agrili Zhang and Huang (Encrytidae), the larval endoparasitoid Tetrastichus planipennisi Yang (Eulophidae), and the larval ectoparasitoid Spathius agrili Yang (Braconidae). To complement these efforts, environmental releases of S. galinae in the United States are anticipated for 2015 (Gould and Duan 2013) .
The emerald ash borer life cycle is complex and involves several distinct stages (see Wang et al. 2010 for a complete description). After eclosion from the egg, neonate larvae develop through four instars. Although the morphology of each larval instar is similar (Chamorro et al. 2012) , late (third and fourth)-instar larvae have signiÞcantly more biomass than the early (Þrst and second)-instar larvae (Wang et al. 2013) . The fourth stadium terminates in a nonfeeding phase where the larva bores into the sapwood (or thick outer bark) and excavates its pupal chamber in which it folds into a J-shape for obligatory diapause (overwintering). Larvae in this stage are termed J-larvae, and may be differentiated from fourth-instar larvae as well as prepupae . After the period of obligatory diapause, J-larvae begin pupation, Þrst by straightening and compressing in appearance, becoming prepupae, and then developing red eye spots and imaginal disks that indicate the pupal stage.
To date, no studies have examined the possible inßuence different emerald ash borer life stages may have on the Þtness of S. galinae. The objective of this study, therefore, was to determine how emerald ash borer larval size (age) and stage affect host utilization and critical Þtness parameters of S. galinae, with the aim of aiding in the development of effective laboratory rearing protocols. The results from this study will be important for determining the optimal emerald ash borer size and stage for rearing S. galinae, and may be useful when considering Þeld releases of this parasitoid.
Materials and Methods
Preparation of Emerald Ash Borer Host Stages. Two methods were used for obtaining the desired stages of immature emerald ash borer hosts for exposure to S. galinae. To obtain larvae, emerald ash borer eggs (Յ10 d old at 25 Ϯ 1ЊC) were used to infest freshly cut, greenhouse-cultivated tropical ash logs according to methods described in Duan et al. (2011 Duan et al. ( , 2013b h) until the target age for parasitoid exposure. When the logs (containing host larvae) reached the target age (3.5, 5, 7, and 10 wk), they were removed from incubation and prepared for parasitoid exposure.
Late stage emerald ash borer hosts (J-larvae, prepupae, and pupae) were obtained from Þeld-collected green ash trees felled in southern Maryland. Several Ϸ1-m-long sections of green ash trees were cut and collected in late fall (late October through late November) and spring (early to mid-April) and transported to a Maryland Department of Agriculture warehouse in Cheltenham, MD. Log sections collected in fall usually contained J-larvae and were stored at Ϸ3ЊC in a large walk-in cooler (Polar King International, Ft. Wayne, IN) to maintain this stage. Logs collected in the spring (which had been previously exposed to winter conditions) usually contained prepupae and pupae. To dissect out the emerald ash borer J-larvae, prepupae, and pupae, a drawknife (to peel back the outer bark) and a chisel and hammer were used to expose the insects in chambers in the sapwood or outer bark. The insects were removed using soft forceps and then placed in petri dishes (50 by 9 mm with tight-Þt lid; Falcon, Becton Dickinson, Franklin Lakes, NJ) for transportation to the BeneÞ-cial Insects Introduction Rearing Laboratory in Newark, DE. Once in the laboratory, individual insects were examined for the presence of damage, mold, or parasitism, and clean (healthy) insects were identiÞed by stage (J-larvae, prepupae, or pupae) before parasitoid exposure.
Parasitoid Colony. All S. galinae used throughout the study were F 8 Ð10 progeny from a founder colony collected near Vladivostok, Russia (Russian Far East), in the fall of 2010 Plastics, Lima, OH) was Þtted with a water-saturated dental wick (Richmond Dental, Charlotte, NC) to provide an accessible water source. All parasitoids were 2Ð3 wk old, gravid, and naive (i.e., no previous exposure to host larvae). Parasitoid Exposure. All exposures were conducted in environmental chambers set at the same conditions as for colony maintenance. Emerald ash borer larval hosts were exposed to S. galinae in the following manner. Tropical ash logs were placed individually in a 120-cc specimen cup (Dynarex Co., Orangeburg, NY) with water-saturated rock wool (Grodan, Netherlands) to provide a water source. The base (bottom 2Ð3 cm) of the log was wrapped with ParaÞlm (BEMIS, BEMIS ßexible packaging, Neenah, WI) to stabilize the log. The logs were then placed in the exposure arenas, which consisted of a 20 by 10 cm ventilated cylindrical cage tightly fastened to the inside lip of a 1-liter white polypropylene cup (Berry Plastics Co., Evansville, IN). Each exposure arena contained one log. Then, 10 female and 2Ð3 male parasitoids (maintaining Ϸ1:1 hostÐparasitoid ratio) were randomly transferred to an exposure arena using a Þne camel paintbrush (Simply Simmons 25 Round, DalerRowney, Cranbury, NJ). The logs containing larval hosts were exposed to parasitoids for 7 d at 25ЊC (Ϸ65% RH and a photoperiod of 16:8 [L:D] h). After this period, parasitoid-exposed logs were removed from exposure arenas and placed in the environmental chambers for progeny emergence.
Late-stage emerald ash borer (J-larvae, prepupae, and pupae) hosts were inserted into a Ϸ7 mm (in width) by Ϸ4 mm (in depth) groove cut into the surface of a 9 cm (in length) by 3 cm (in diameter) green ash stick using the methods described by Ulyshen et al. (2010) . A single log holding either four or Þve J-larvae, prepupae, or pupae was placed in a 18.5-by 13-by 10-cm polystyrene crisper box (TriState Plastics, Dixon, KY) exposure arena. Then, 4 Ð5 female and 1Ð2 male parasitoids were randomly assigned to each exposure arena maintaining Ϸ1:1 hostÐ parasitoid ratio as before. Hosts were exposed to parasitoids for 7 d, after which parasitoids were removed and logs were placed in environmental chambers for progeny emergence.
Relationship Between Emerald Ash Borer Age, Size, and Instars. Because of emerald ash borerÕs cryptic larval habitat (concealed beneath the bark), it was not possible to directly measure the size of emerald ash borer larvae in logs before parasitoid exposure. Consequently, the age of the emerald ash borer larvae was used as a proximate cue for host size in this study. Previous studies have found a positive relationship between emerald ash borer larval weight and gallery width (Wang et al. 2008) , as well as between emerald ash borer weight, gallery width, and instars (Duan et al. 2013b) . To determine the relationship between emerald ash borer larval age, size, and instar in this study, we dissected larval subsamples from logs that were prepared simultaneously with the logs prepared for parasitoid exposure. In total, 40 larvae (10 from each host age) were randomly removed from these logs and weighed using an electronic balance (AB135-S/FACT, Mettler Toledo AG Laboratory Weighing and Technology, Greifensee, Switzerland) and measured for gallery width at the widest position of the head using an electronic caliper (No. 147-Digital Fractional caliper Stainless Steel UltraTech, General Tools and Instruments, NewYork, NY). These measurements were then used to infer the instar of each larva.
Effect of Host Larval Age on Critical Fitness Parameters of S. galinae. This experiment was designed to test the effect of different emerald ash borer host larval sizes on the host utilization and Þtness of S. galinae. As stated above, it was not possible to know the exact size of larvae in tropical ash logs before exposure to parasitoids, so age was used as a proximate variable for size. We tested four larval age classes: 3.5, 5, 7, and 10 wk old. The age of larvae in each log was known based on the number of days elapsed as the original oviposition of the emerald ash borer eggs was used to infest the log. Each host age class (treatment) was replicated 22 times using a "no-choice" random block design. Each replicate (block) consisted of all age treatments of the host larvae reared in tropical ash logs and exposed to the same batch (i.e., reared under similar conditions and of similar age) of adult parasitoids at the same time. Two weeks after the last progeny emergence, the parasitoid-exposed logs were dissected using a utility knife to remove the outer bark and expose the host galleries. The galleries of parasitized hosts were easily observed because of the presence of silken cocoons spun by the mature parasitoid larvae before pupation. We determined the instar of each parasitized host larva based on the width of the gallery where parasitism was observed. As an idiobiont, S. galinae paralyzes its host during oviposition, which immediately ceases host development. Wang et al. (2013) found that emerald ash borer gallery width may be used to estimate the size and instar of parasitized emerald ash borer larval hosts even after they are consumed by parasitoid progeny.
Upon S. galinae self-emergence, all individuals were counted and sexed. One female and one male parasitoid were randomly selected from the Þrst emerged progeny of every log and placed in a vial of 95% ethyl alcohol for later measurement of anatomical Þtness markers (length of body, left hind tibia, and female ovipositor). Although tracking the longevity and fecundity of progeny is the ideal way to measure Þtness, several studies have shown that the size of the adult parasitoid may be used as an index of lifetime Þtness (Jervis et al. 2005) . Fitness measurements were conducted using a stereomicroscope and ocular stage micrometer (50 ϫ 2 microns, PYSER-SGI, Eden-bridge, Kent, the United Kingdom) to calibrate the measurements. For every individual, we Þrst measured the body length from the anterior tip of the head to the posterior tip of the abdomen and then removed the left hind leg at the coxa and measured the length of the tibia. The ovipositor of female specimens was then separated from the abdomen and length was measured from where the oviduct attaches to the anterior tip of the ovipositor to the posterior end of the ovipositor.
Host Utilization of Late Stage Emerald Ash Borer Hosts by S. galinae. To test the possibility that late stage emerald ash borer (J-larvae, prepupae, and pupae) hosts may be used to rear S. galinae, a separate experiment was conducted that involved removing hosts as J-larvae, prepupae, or pupae from Þeld-collected green ash logs and reinserting them into a new green ash substrate (9 by 3 cm sticks). Each of the treatments (J-larvae, prepupae, and pupae) was replicated 12 times. Parasitoid progeny were allowed to emerge, and any emerged progeny were then counted and sexed. For this test, we were interested in the possibility that S. galinae may use these stages as hosts, and did not measure progeny Þtness parameters of adult parasitoids.
Data Analysis. A one-way analysis of variance (ANOVA) was used to determine the relationship between emerald ash borer age and weight, followed by TukeyÐKramerÕs HSD (honestly signiÞcant difference) test to detect signiÞcant differences among each age class. The effect of host age and stage on critical Þtness parameters (host attack rate, brood size, progeny size, sex ratio, and anatomical measurements of progeny Þtness) of S. galinae were calculated for each replicate trial as follows. Host attack rate (% parasitism) was calculated by dividing the number of hosts parasitized by the total number of hosts available in the log at the time of parasitoid exposure. Brood size was calculated by dividing the sum of the progeny (male and female) by the total number of parasitized hosts, and sex ratio is reported as the ratio of female to male offspring in the emerged progeny. The anatomical measurements of progeny Þtness (length of body, left hind tibia, and female ovipositor) were measured for each of the 22 female and male S. galinae as described previously. Because no emerald ash borer prepupae or pupae were parasitized by S. galinae, prepupae and pupae were excluded from the analysis. The means of the parameters for all trials were Þrst checked for the assumptions of normality and homogeneity of variance for parametric tests. An arcsine transformation was performed for host attack rate (binomial factor) and sex ratio, whereas brood size was log-transformed. The measurements of progeny Þtness met the assumptions and were not transformed. One-way ANOVAs were performed followed by TukeyÐKramerÕs HSD test for multiple means comparisons among different host age treatments. All analyses were carried out using JMP 10.0.1 (SAS Institute 2012, Cary, NC).
Results
Relationship Between Emerald Ash Borer Age, Size, And Instar. The mean biomass of emerald ash borer larvae dissected from the control logs was smallest for 3.5 wk host larvae (0.2 Ϯ 0.4 mg), and largest for 10 wk hosts (109 Ϯ 0.4 mg; Fig. 1A ). Larvae were all Þrst or second instars in 3.5 wk old logs, 80% third instars in 5 wk logs, 90% fourth instars in 7 wk logs, and 80% J-larvae in 10 wk old logs (Fig. 1B) .
Effect of Host Larval Age on Critical Fitness Parameters of S. galinae. Between 113 and 144 emerald ash borer host larvae were provided to S. galinae in each of the four host age treatments. When larval hosts were exposed to S. galinae, 5 and 7 wk hosts were attacked signiÞcantly more frequently than the 3.5 and 10 wk hosts (Table 1) . Among only parasitized hosts, 3.5 and 5 wk hosts had only 3Ð 4 offspring per host, while 7 and 10 wk hosts had 6 Ð7 (Fig. 2) . Sex ratio was signiÞcantly more female-biased in logs with 7 and 10 wk hosts than in logs with 3.5 or 5 wk hosts (Fig. 3) . The anatomical estimates of progeny Þtness (length of body, left hind tibia, and female ovipositor) were larger in the 7 and 10 wk hosts than in the younger hosts, for both sexes (Fig. 4) .
Host Utilization of Emerald Ash Borer J-Larvae, Prepupae, and Pupae by S. galinae. When exposed to J-larvae, prepupae, or pupae inserted into green ash logs, S. galinae attacked more than half of the J-larvae, but no prepupae or pupae. Each parasitized J-larva produced a mean of 5.4 parasitoid progeny with a strongly female-biased sex ratio (Table 2) .
Discussion
The results of this study demonstrate a clear inßu-ence of emerald ash borer larval age and stage on the host utilization and Þtness of S. galinae. When exposed to emerald ash borer larvae of different age groups reared in tropical ash logs, S. galinae parasitized 5 and 7 wk (third and fourth instar) hosts signiÞcantly more often than 3.5 wk (second instar) hosts or 10 wk hosts, which were mostly mature J-larvae. Seven and 10 wk hosts produced signiÞcantly larger broods (per parasitized host) than the 3.5 and 5 wk hosts, and the sex ratios were signiÞcantly more female-biased in the 7 and 10 wk hosts. Furthermore, the size of the adult parasitoids emerging from tropical ash logs was greater in the 7 and 10 wk hosts, regardless of sex. For parasitoids, the size of the adult is largely determined by the amount of food consumed as a larva (Godfray 1994) . Because S. galinae is an idiobiont, the size of the emerald ash borer host at the time of oviposition represents the maximum available resource for the developing larvae. Thus, adult S. galinae size is directly inßuenced by the size of its emerald ash borer host larva. Although adult Þtness is usually best measured directly in terms of lifetime fecundity, many studies have shown signiÞcant correlations between female body size, or other anatomical markers such as tibia length and adult Þtness (Waage and Ng 1984 , Godfray 1994 , Jervis et al. 2005 . These studies have found that longevity and fecundity may increase with parasitoid size; large females often carry greater egg loads (Opp and Luck 1986, Rosenheim and Rosen 1991) and may be more effective at locating hosts (Bezemer and Mills 2003) than small females. When rearing S. galinae, large females are preferred because 1) they will have more energy reserves for egg development (synovigeny); 2) they have long ovipositors capable of attacking hosts concealed under the thick bark of mature ash trees; and 3) they may live longer to parasitize more hosts than small females. When emerald ash borer larval hosts were reared in tropical ash logs, we found that S. galinae parasitized 12% of 10 wk and 23% of 3.5 wk hosts. However, of the 10 wk hosts parasitized, broods were largely femalebiased and similar in the number of offspring as those produced from 7 wk hosts, which were parasitized 76% of the time, while S. galinae broods from 3.5 wk hosts were much more male-biased and had much fewer individuals than those from 7 wk hosts. The reason 10 wk hosts were infrequently parasitized yet produced strongly female-biased broods is because the majority of larvae in these logs were J-larvae. All parasitized 10 wk hosts were fourth-instar larvae; no J-larvae were parasitized when reared in tropical ash logs. Ulyshen et al. (2010) explained that J-larvae are not naturally attacked by emerald ash borer larval parasitoids because J-larvae have bored into the sapwood of the plant and likely are not detected by foraging parasitoids as J-larvae do not produce the chewing vibrations of actively feeding larvae. This raises the possibility that J-larvae may be useful for rearing S. galinae if they could be detected by foraging parasitoids. Indeed, when J-larvae were removed from their chambers in the sapwood of Þeld-collected green ash logs and reinserted into a new host plant substrate, these larvae again tried to chew a new chamber and S. galinae were able to parasitize them more than half of the time, resulting in brood sizes and sex ratios similar to those produced using fourth-instar emerald ash borer hosts. Rearing emerald ash borer larval hosts in the laboratory for the purposes of parasitoid production has proven to be extremely difÞcult in the years since emerald ash borer biological control programs were initiated. Indeed, only recently have researchers established methods that allow the year-round production of larval hosts (Duan et al. 2011 (Duan et al. , 2013a . Intimate knowledge of the biology of both the emerald ash borer and its parasitoids is thus crucial for maintaining low production costs such that biological control remains affordable. Here, we show that large, fourthinstar emerald ash borer larvae should be the target when rearing S. galinae. Within the tropical ash-based emerald ash borer rearing system (Duan et al. 2011) , however, there is variation in development times. Under standard rearing conditions (25ЊC, Ϸ65% RH, and a photoperiod of 16:8 [L:D] h), 50% of emerald ash borer larvae normally molt to the fourth stadium in Ϸ6 wk (Duan et al. 2013a ), but timing may vary by several days, depending on the health and vigor of the host plant or host larval density (Duan et al. 2013b ). In mass-rearing situations, where larval hosts are often produced in surplus, excess fourth-instar larvae may turn to J-larvae before use for parasitoid production. The Þnding that J-larvae may be removed from their host plants and reinserted into a new host plant substrate, and can then successfully be used to rear S. galinae is critically important for reducing the cost of its production. Belokobylskij et al. (2012) reported a native brood size of 8 Ð12 for S. galinae. In our study, the largest broods observed were between 6 Ð7 individuals. A number of studies suggest that observations on the number of eggs laid per host (i.e., clutch size) may be lower in the laboratory, where conditions are optimal and hosts are not perceived to be limiting, than in the Þeld, where life expectancy is shorter and host location requires signiÞcantly more energy (Rosenheim and Rosen 1991 , Godfray 1994 , Bezemer and Mills 2003 . Alternatively, the lower brood size we observed in this study could be the result of using only naive females. Charnov (1982) explains that host size is a relative rather than an absolute parameter, and oviposition decisions made by a parent female may largely be based on prior experience. Thus, parameters of host utilization, such as the number and sex ratio of eggs laid, may be optimized by parasitoids that have experienced successful parasitism events. Using groups of female parasitoids in several consecutive exposure periods, it may be possible to optimize parameters such as brood size, sex ratio, and progeny Þtness. Heinz (1998) was able to decrease the proportion of male progeny in the mass-reared pteromalid wasp Catolaccus grandis (Burks) by providing the same group of wasps sequentially larger hosts over consecutive exposure days. Similarly, Ode and Heinz (2002) improved female offspring sex ratio of the mass-reared agromyzid leafminer parasitoid Diglyphus isaea (Walker) by providing female parasitoids with sequentially larger hosts. By providing groups of S. galinae females with sequentially larger emerald ash borer hosts over their lifetimes, it may be possible to increase the proportion of female offspring produced. This would be an important Þnding because such a method could be incorporated into rearing protocols and could help increase rearing efÞciency (reducing costs) by reducing the number of males produced.
There are several reasons for considering the introduction of S. galinae to the United States. First, the origin of collection for S. galinae (Vladivostok, Russia) has a high climate matching index (Ն0.75) with northeast and north-central United States, where emerald ash borer densities are currently highest . Compared with S. agrili, which originates Ϸ800 km south near Tiangjian, China, and has a climate matching index of 0.60 for these regions (U.S. Department of AgricultureÐAnimal Plant Health Inspection Service [USDAÐAPHIS] 2007), S. galinae may represent a more suitable candidate for introduction where S. agrili has had little success establishing. Second, whereas T. planipennisi has an ovipositor length of 2Ð2.5 mm (Duan and Oppel 2012) and is capable of attacking larvae concealed in ash trees with Յ11.2 cm dbh , S. galinae has an ovipositor length of 4 Ð5 mm and is known to attack emerald ash borer larvae in much larger ash trees with dbh ranging from 14 cm to Ն36 cm , Belokobylskij et al. 2012 . Atanycolus spp., a native group of braconid found extensively attacking emerald ash borer larvae in Michigan, have ovipositors 6 Ð 8 mm in length and are able to attack hosts in trees of Ն57.4 cm dbh ; however, these parasitoids are often found attacking only high-density emerald ash borer populations in areas where ash tree mortality is also high. S. galinae may therefore be an important biological control agent for protecting ash trees of reproductive age that are not infested with high densities of emerald ash borer. Recent laboratory studies by Yang et al. (2012) also showed that S. galinae has a strong ability to discriminate between healthy emerald ash borer larvae and larvae parasitized by T. planipennisi, and the authors concluded that the presence of S. galinae in the Þeld would likely have limited effects on the competitive interactions between these two species. Further possible interactions between S. galinae and other introduced and native parasitoids should be investigated. The Þnding that S. galinae prefers large, fourth instar hosts, and does not naturally attack emerald ash borer in the J-larva, prepupa, or pupa stage, has clear implications for releasing it in the Þeld. If parasitoids are released early in the season when emerald ash borer larvae are mostly small, parasitism by S. galinae may result in fewer female progeny or female progeny with short ovipositors, rendering them incapable of attacking emerald ash borer hosts in large trees. Similarly, if released late in the season, many emerald ash borers will have become J-larvae and remain undetected in ash trees by S. galinae, resulting in fewer overwintering individuals available for biological control in the following season. Thus, a thorough understanding of the phenology of emerald ash borer is necessary for establishing S. galinae where emerald ash borer exists.
